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Abstract

Nano biotechnology which is associated with green chemistry, exhibit great potential in the
development of materials that can offer remarkable benefits to industries, human health, and
environment. Among them, the nanoparticles of silver are considered to be the most studied
nanomaterials due to their low chemical reactivity and higher stability. In present study, a
rapid, simple, cost effective and eco - friendly methodology for the synthesis of pyrimidine
derivative utilizing Aloe vera mediated silver cobalt nano composites has been employed.
Moreover, in order to check the efficiency of methodology, green chemistry metrics was also
investigated. The value of green chemistry metrics was obtained as E- factor (0.5%), process
mass intensity (PMI) value (1.5%), reaction mass efficiency (RME) value (62%), and carbon
efficiency (CE) value (84%). The properties of nanocatalyst make the current protocol
advantageous and can be applicable to industrial level.

Introduction

A rapid growth in the field of science and technology has led to significant increase in living
standards as well as economic development. However, such types of economic developments
are responsible for the remarkable degradation of environment that can be displayed by more
pronounced climate changes. This scenario requires the search of a better solution in order to
balance the use of environmental conservation, natural resources, and economic growth. As a
result of these consequences, during the last two decades, the awareness towards the
prerequisite of environment protection has been raised, hence, the great interest has been
attracted towards the greener and viable technologies. Based on the Rio Declaration on
Environment and Development (1992) proclaims the first principle that states “Human beings
are at the center of concern for sustainable development. They are entitled to a healthy and
productive life in harmony with nature”. [i] This highlighted the common challenges to
decide the objectives for sustainable development and also to provide technological and
scientific approaches to obtain these objectives. Though, the present scenario signifies that
the present environmental quality is degrading to an anxious level which highly influences
the human lives.[i1]] The environmental pollution refers to the serious environment status
where the concentration of organic pollutants is much higher than that of normal level
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because of the presence of natural and artificial contamination.[iii] Because of the worsening
situation of water, air and soil pollution the global population is suffering from unprecedented
health risks.[iv-vi] For example, airborne fine particulates increases the risk of chronic and
acute respiratory diseases, stroke, heart disease and also lung cancer. Similarly, water
pollution leads to diarrhea-related deaths in children under the age of 5 every year.[vii] The
soil pollution leads to serious health threats because of the exposure of some persistent
organic pollutants.[viii] Therefore, environmental pollution, which is a hidden -culprit
required more concern in unraveling the etiology of obstinate health diseases. [ix-xi]. Apart
from these hazards, the environment chemical hazards which are caused by organic and
inorganic pollutants are gradually recognized worldwide. [xii] For instance, over the decades,
most of the chemicals have been artificially prepared and then released in the
environment.[xiii, xiv] Therefore, along the development of science and technology, new
environmental insults which produces from the pollution of organic pollutants, heavy metals,
E-waste and synthetic chemicals are emerging. [xVv]

In this context, in order to protect the environment from toxic and hazardous chemicals, the
new laws and regulations have been focused.[xvi, xvii] There has been a remarkable growth
in the field of green chemistry both in developing the greener nanocatalysts as well adopting
the greener conditions during catalysis of biologically important organic reactions.[xviii]
Therefore, the chemical community by adopting the properties of green chemistry is geared
up towards the designing and developing of newer compounds which are comparably less
dangerous to the environment and human health.[xix] Figure 1 represents some of the
important applications of green chemistry principles.
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Figure 1: Several applications of green chemistry

Nanoparticles are considered as the building blocks of various nanotechnology applications,
which commonly exhibit remarkable properties such as unique size dependent chemical and
physical properties. [xx] With the significant advantages of nanoparticles, intensive research
have been focused on the synthesis of various ecofriendly biologically active compounds
utilizing nanocatalysts in order to fulfill greener methodologies which can eliminate or
minimize the utilization of toxic and hazardous chemicals [xxi,xxii]. The green synthesis
provides remarkable advantages like cost effective methodology, environmentally benign,
milder reaction conditions, simple methods and easy work up procedures [xxiii-xxv]. In this
connection, the Aloe vera mediated silver nanoparticles have attained significant attention.
Aloe vera is considered as the most commonly used medicinal plants owing to its notable
biological activities. The extract obtained from Aloe vera plant can act as a stabilizing and a
reducing agent in the formation of silver nanoparticles.
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Different Types of Nanoparticles

Based on literature survey, the distinctive reported types of nanoparticles (NPs) are
photochromic polymer NPs, polymer coated magnetic NPs, inorganic NPs, AgNPs, CuNPs,
AuNPs, SiNPs. Each of these NPs show diversified applications and they can be synthesized
by various conventional as well as unconventional methods. Among them, silver is used most
commonly as it is considered as innocuous, safe and antimicrobial agent which is used to
inhibit the growth of microbes.

Antimicrobial properties of the nano-sized silver are better than that of silver ions. Because
of the important applications, the synthesis of silver nanoparticles has attracted the attention
of various research groups. [xxvi] The antibacterial activity of compound containing silver
can be utilized in medicine in order to prevent the infections on the burn treatment,
[xxvii,xxviii] to prevent bacteria colonization on catheters and to eliminate microorganisms
on textile fabrics [xxix] as well as used as disinfectant in water treatment. Besides this,
AgNPs are important as they have various applications in organic reactions, catalysis,
synthesis of fine chemicals and organic intermediates [xxx]. Henceforth, the use of AgNPs in
catalysis is advantageous as it avoids the use of ligands and easily separable catalyst for
recyclability which makes the protocol economic.

Adopting the remarkable properties of silver nanoparticles of Aloe vera, the preparation of
bioactive compounds using greener technology has been surveyed. In this connection,
pyrimidine derivative, which is a heterocyclic compound containing two N atoms in the six
membered ring, plays an important role in the field of chemistry. The pyrimidine and their
derivatives play crucial role in medicinal chemistry like fungicidal, bactericidal, analgesic
etc. Therefore, in present work, we have utilized a mild and cost effective conditions for
synthesizing 6-amino-4-phenylpyrimidin-2(1H)-one.

General Procedure for Synthesis of 6-amino-4-phenylpyrimidin-2(1H)-one

A mixture of acetaldehyde (0.25 mmol), malanonitrile (0.12 mmol), urea (3 mmol), and 10
mg of Aloe vera AgCo NPs were taken in 5 ml of ethanol. The reaction was continuously
stirred at 70-80 °C for 4 hours. The reaction was monitored with the help of TLC. After
completing the reaction, it was cooled down and poured in the crushed ice to obtain the crude
product. The product was filtered oft and washed with the help of distilled water. It was
recrystallized from ethanol for further spectral analysis. The 'HNMR spectrum of synthesized
compound is represented in figure 2.
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Figure 2: '"H NMR spectra 6-aminopyrimidin-2(1H)-one 6-amino-4-phenylpyrimidin-
2(1H)-one

Green Chemistry Metrics

The green chemistry parameters highlight the aspects of a reaction relating to the twelve
principles of green chemistry. Green chemistry metrics for the synthesis of 6-amino-4-
phenylpyrimidin-2(1H)-one using Aloe vera @AgCoNPs were calculated. The details and
calculations are provided in Table 1 and Table 3 respectively, which shows the closeness of
the calculated values for the current methodology to the ideal values of the green chemistry
parameters. Hence, it depicts the sustainability of present study.

Table 1 Formula weight, mmol and amount of reactants and 6-amino-4-
phenylpyrimidin-2(1H)-one

.Details Acetaldehyde | Malanonitrile | Urea Product
Formula |44 66.06 60 125.13
Weight

mmol 0.25 0.12 3 0.65
Amount | 11 7.92 180 81.67
(mg)

Table 2: Calculation of green chemistry parameters for 6-amino-4-phenylpyrimidin-
2(1H)-one

S.No. | Parameters Formula Characteristics | Ideal | Calculated value for
Value | compound

1. Environmental | [Total mass of | E-factor  gives | 0 [(11 + 7.92 + 180) -
(E) factor the raw | the total amount 125.13]/125.13=0.5
materials — the | of waste

total mass of | produces in the
the product] / | reaction.
mass of the
product
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2. Process mass | X (mass of all | PMI tells about | 1 (11 + 792 + 180 ) /
intensity stoichiometric | reaction 125.13=1.5
(PMI) reactants)/[mass | efficiency,
of the | stoichiometry,
stoichiometric | amount of
product] solvent.
3. Reaction mass | [mass of the | RME gives | 100% | [125.13/(11 + 7.92 +
efficiency product/ X(mass | information 180 )] x 100 =
(RME %) of all | about atom 62.93%
stoichiometric | economy, and
reactants)]x100 | stoichiometry.
4. Carbon [Amount of | CE represents the | 100% | [0.65x 5/(0.25x2 +
efficiency (CE | carbon present | percentage of 0.12 x 3 + 1x 3)] x
%) in the product/ | carbon present in 100 =
Total  carbon | the reactant
0
present in the | which is left in 84.2%
reactant] x 100 | the product.
Conclusion(s)

In conclusion, a biologically active heterocyclic compound, 6-amino-4-phenylpyrimidin-
2(1H)-one was successfully synthesized using the silver nanoparticles of Aloe vera. It was
observed that the outcome was depending upon the efficiency of the synthetic route, the yield
of the product and the purity of the synthesized compounds. The present protocol offered
numerous advantages like easy work up of the desired product, reusability of the
nanoparticles, the shorter reaction time, and cost effective. Moreover, from sustainability
point of view, the green chemistry parameters such as Environment factor (E-factor), carbon
efficiency (CE), reaction mass efficiency (RME) and atom economy (AE), were also
calculated and reported. Therefore, the efficient and environment friendly silver nanoparticles
can contribute to advancement in the nanotechnology. The continuous research will likely
focus on optimizing synthetic routes to improve the scalability and cost effectiveness of the
synthesized drugs.
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